Although the co-occurrence of low back pain (LBP) and depression is common, the nature of this association remains unclear. We aimed to investigate whether symptoms of depression are associated with LBP after adjusting for various confounders, including genetics. We used cross-sectional data from 2148 twins from the Murcia Twin Registry, Spain. All twins answered questions about lifetime prevalence of LBP (outcome variable) and symptoms of depression, collected through two instruments, deriving 3 measures: (1) self-report feelings of depression and anxiety; (2) state depression, and (3) trait depression. First, associations were investigated using logistic regression analysis of the total sample. We performed subsequent matched within-pair twin case-control analyses with all complete twin pairs discordant for LBP regardless of zygosity, and separately for dizygotic and monozygotic pairs. This sequential analysis allows for more precise estimates of the relationship between variables, as in each step, the impact of early shared environment and genetics is further considered. Symptoms of depression and anxiety were associated with higher prevalence of LBP in the total sample analysis (odds ratio [OR], 1.64; 95% confidence interval [CI], 1.31-2.05), and this relationship was stronger in the subsequent case-control analysis (OR, 1.74; 95% CI, 1.13-2.69) and dizygotic case-control analysis (OR, 2.39; 95% CI, 1.39-4.08) but disappeared when the analysis was conducted for monozygotic twins (OR, 0.92; 95% CI, 0.42-2.05). A similar pattern was found for state and trait depression. The depression-LBP relationship disappears when high levels of control for confounding factors are applied and seems to be driven by genetic or environmental factors that influence both conditions.
Introduction
Low back pain (LBP) is a common health problem in the general population among all ages with a global mean 1-month prevalence of 23.2%. 15 Low back pain is the highest contributor to disability in the world, according to the 2010 Global Burden of Diseases Study. 48 It is also a costly condition worldwide. 7 In Spain, the estimated annual average cost in lost working days for LBP between 2000 and 2004 was over €160 million. 40 Although LBP is a worldwide and highly prevalent health problem, the current treatment options for its management offer only moderate effects at best. 26 Moreover, the coexistence of other chronic conditions alongside LBP substantially increases the complexity in the management and care for these patients. 2 For instance, the prevalence of patients concurrently suffering from both depression and LBP is high, 1, 9, 44 and the combination of depression and LBP imposes diagnostic and treatment difficulties, requires the engagement of multi-professional teams, and impacts on higher rates of health care utilization and management costs. 2, 13, 18 Depression is also a major health concern accounting for the third highest burden of all diseases globally, considering the disabilityadjusted life year index. 49 According to the World Health Organization, by 2030, depression will be the highest contributor to disability among all diseases in both developed and developing countries. 49 Although the literature points to a consistent relationship between symptoms of depression and LBP, 6, 10, 14, 21, 27, 28, 30, 36, 37 the nature of such a relationship is unclear, and disentangling the link between these conditions could help in their management. The role of genetics and environment on the relationship between depression and LBP has been rarely considered. Genetic factors seem to have a significant influence in both LBP and depression, with heritability generally accounting for 34% of the variance in liability to LBP as a symptom, 33 and heritability estimates of 31% to 42% reported for major depressive disorder. 45 ReichbornKjennerud et al 38 investigated, in a classical twin study, the heritability of the comorbid occurrence of symptoms of depression or anxiety and LBP and found that genetic factors accounted for 60% of their covariance. Hartvigsen et al 14 also investigated the depression-LBP relationship in a sample of twins aged 70 years and older; however, the role of genetic and environmental factors could not be controlled for because a within-pair twin case-control analysis, where twin pairs discordant for LBP are used as matched pairs, was not used. To the best of our knowledge, there are no studies that have investigated the relationship between symptoms of depression and LBP controlling for genetic and familial environment through a co-twin control design.
As both environmental and genetic factors have been found to be associated with the development of LBP 12 and depression, 17 the use of a within-pair twin case-control study, where the effect of genetics and early environment shared by twins can be controlled for, could help clarify the depression-LBP relationship. Therefore, we aimed to investigate whether symptoms of depression are associated with lifetime prevalence of LBP after adjusting for various confounders, including genetic factors.
Methods

Study sample and data collection
The study sample of this cross-sectional study was composed of 2148 adult twins from the Murcia Twin Registry (MTR). The MTR is a community-based registry of twins from Spain, and its characteristics and recruitment procedures have been previously described elsewhere. 35 In summary, participants are recruited through the public health system, which keeps up-to-date records of all residents in the area. People who were born on the same date and have the same family name are contacted and invited to participate in the MTR, based on two main inclusion criteria: both twins in a pair had to be alive at the time of enrollment, and they could not have any disorder or disability that may limit their voluntary and conscious participation. 35 Data were collected for female, male and, oppositesex twin pairs using phone and face-to-face interviews that included demographic information and self-reported health-related questionnaires. All the data collection was conducted by trained assessors who were blinded to the predictors and outcome of the study. All registry and data collection procedures involved in this study were approved by the University of Murcia Ethics Committee.
Zygosity ascertainment
Twin zygosity was ascertained by DNA in 338 twin pairs. When this was not possible, a 12-item questionnaire focusing on the degree of similarity and mistaken identity between twins was used. This questionnaire has been determined by DNA testing to correspond well with zygosity with an agreement in nearly 96% of cases. 35 
Assessment of LBP and depression
The main outcome investigated in this study was lifetime prevalence of LBP, which was assessed through a dichotomous self-reported question derived from the Spanish National Health Survey. 32 Participants were required to answer the following question: "Have you ever suffered from chronic LBP?" Data on depression were collected using two instruments, deriving in 3 different measures. First, symptoms of depression combined with anxiety were investigated, in the whole sample, using the "Depression and Anxiety" domain of the EuroQol-5 dimension questionnaire. 46 Participants were asked to choose the option that best described themselves that day: (1) "I am not anxious or depressed"; (2) "I am moderately anxious or depressed"; and (3) I am extremely anxious or depressed." The EuroQol-5 dimension questionnaire has shown adequate validity (correlation coefficient 5 0.70 for construct validity) and responsiveness (standardized response mean 5 1.38) for patients with chronic pain. 34 The Spanish version of the State-Trait Depression Questionnaire was also used to assess the symptoms of depression, 42 but this questionnaire was answered only by female twin pairs. The State-Trait Depression Questionnaire is a self-report inventory and is composed of two subscales, namely "state depression" and "trait depression" scales. Each of the subscales is composed of 10 items with 4-point scale answer options (1) (2) (3) (4) , with the final score ranging from 10 to 40 for any of them. 43 The state depression items refer to how the participants feel "at the moment," whereas the trait depression items refer to how participants "generally" feel. The Spanish version of the State-Trait Depression Questionnaire has shown adequate convergent validity, with moderate and significant correlations with other depression measures (r . 0.58), and good divergent validity, with low and nonsignificant correlations with the State-Trait Anger Expression Inventory. 42 
Assessment of covariables
We considered age, gender, smoking, sleep quality, and engagement in leisure physical activity as possible confounding variables. Participants were questioned regarding smoking habits, and the answers were dichotomized as ex and never smoker or current smoker. Leisure physical activity was assessed using a categorical self-reported questionnaire. Participants were required to describe their engagement in leisure physical activity based on the options: (1) "I do not practice exercise. My leisure time is mostly sedentary (reading, watching TV, movies, etc.)"; (2) "Some sport or physical activity occasionally (walking, gardening, soft gym, light efforts, etc.)"; (3) "Regular physical activity several times a month (tennis, jogging, swimming, cycling, team sports, etc.)"; and (4) "Physical training several times a week." Leisure physical activity engagement was dichotomized into no or low physical activity versus moderate or vigorous physical activity. Smoking and physical activity questions were based on the Spanish National Health Survey questionnaire. 32 The Spanish version of the Pittsburgh Sleep Quality Index (PSQI) was used to assess the subjective sleep quality of the participants. 4, 39 The PSQI is an 18-item self-report questionnaire and assesses sleep disturbances in the last month in 7 domains: subjective sleep quality, sleep latency (the time it takes to fall asleep), sleep duration, habitual sleep efficiency (the ratio of total sleep time to time spent in bed), sleep disturbances, use of sleeping medication, and daytime dysfunction. The total score is composed of the sum of scores for these 7 domains and can range from 0 to 21, with higher scores meaning worse sleep quality and a total score greater than 5 being indicative of poor sleep quality. The PSQI dichotomous score was used for analyses, based on the total score cutoff point of 5 or more. 4 
Analysis
Descriptive statistics were conducted for all variables. The outcome variable investigated was lifetime prevalence of LBP, and the predictive variables were measures of symptoms of depression (symptoms of depression and anxiety, state depression, and trait depression). Analyses were performed separately for each variable in two stages: total sample analysis and within-pair twin case-control analysis (Fig. 1) .
Data organization
Symptoms of depression and anxiety were dichotomized into not depressed or anxious versus moderately or very depressed or anxious because of the small number of participants in the extreme categories. For ease of interpretation, the state depression and trait depression scores were also dichotomized, and scores over the 75th percentile of normative values were considered indicative of depression. 43 
Total sample analysis
First, we investigated the association between symptoms of depression and LBP considering the whole sample for symptoms of depression and anxiety and the female sample for state and trait depression. In the total sample analysis, we used complete or incomplete twin pairs regardless of the concordance or discordance status for LBP, with the twins being analyzed as individuals rather than pairs. We have adjusted all analyses for age and for gender (when appropriate). We first conducted univariate logistic regression analysis to assess the association between each covariate and the phenotype LBP and each of the 3 variables assessing the phenotype of depression using the total sample. Variables with associations with both phenotypes (ie, P , 0.20) were entered in the multivariate regression models at all analytical phases. Possible variables for adjustment were smoking, sleep quality, and leisure physical activity.
Within-pair twin case-control analysis
We performed subsequent within-pair twin case-control analyses to investigate the association between symptoms of depression and LBP adjusting for genetic and early shared environment influences. The confounding variables that were selected for the total sample analysis were retained for the withinpair twin case-control multivariate models, with age and gender being included only when relevant (eg, gender in dizygotic [DZ] but not monozygotic [MZ] analysis). First, we analyzed all complete MZ and DZ twin pairs discordant for LBP, ie, twin pairs in which 1 twin reported LBP, whereas the co-twin did not, using conditional logistic regression. We also performed a within-pair twin case-control analysis separately for DZ and MZ twin pairs. This sequential analysis allows for more precise estimates of the relationship between variables and whether the relationship is consistent with a possible causation path between variables by sequentially eliminating genetic and familial confounding, making the analysis more direct and cleaner in sequential steps. Theoretically, when the magnitude of the association between two variables (for instance, symptoms of depression and LBP) increases sequentially from the total sample analysis (no adjustment for genetics or early shared environment) to a within-pair twin case-control analysis in DZ pairs (adjustment for early shared environment and approximately 50% of genetics) and then to a within-pair twin case-control analysis in MZ pairs (adjustment for early shared environment and approximately 100% of genetics), this trend is indicative of a relationship between the two variables being more direct and possibly more consistent with a direct causal path.
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Results are presented accounting for the relationship between depression and LBP, first exploring the symptoms of depression and anxiety, then the state depression, and last the trait depression. In each case, to subsequently test the statistical significance of the differences in odds ratio (OR) from the total sample analysis to within-pair twin case-control, within-pair twin DZ case-control, and within-pair twin MZ case-control analyses, we calculated the differences in OR as a function of the variances of the differences in estimates
, and a value $ 2 (z 5 1.96) was considered a significant difference. Stata statistical software (version 12.0) was used to run all the analyses, and the significance level was set at 0.05. Odds ratio and 95% confidence interval (CI) were calculated from the regression models.
Results
Sample characteristics
A total of 2148 twins participated in this study and were included in the total sample analyses. The characteristics of the overall sample and of twins with and without LBP are described in Table 1 . The overall lifetime prevalence of LBP was 32.3%. The mean age of all participants was 53.7 years (SD 5 7.4), and male participants accounted for 45.2% of the sample. Twins with LBP were more likely to be women, had higher prevalence of symptoms of depression regardless of the measure used, reported worse sleep quality, and were less engaged in leisure physical activity. The prevalence of LBP was similar in DZ and MZ twins.
Symptoms of depression and anxiety
In the total sample analyses for the measure of "symptoms of depression and anxiety," in addition to gender and age, the variables smoking, sleep quality, and leisure physical activity were entered into the multivariate model. Symptoms of depression and anxiety were associated with higher prevalence of LBP (OR, 1.64; 95% CI, 1.31-2.05) ( Table 2) . A total of 357 twin pairs were discordant for LBP and were included in the case-control analyses; among them, 239 twin pairs were DZ (111 of opposite sex and 128 of same sex), whereas 118 twin pairs were MZ. Gender, smoking, sleep quality, and leisure physical activity were considered confounding variables and were included in the multivariate model. A stronger association between symptoms of depression and anxiety and LBP was found for the case-control analysis when compared with the total sample analysis (OR, 1.74; 95% CI, 1.13-2.69). When the analyses were performed separately for zygosity, the strongest association between the symptoms of depression and anxiety and LBP was found for DZ pairs (OR, 2.39; 95% CI, 1.39-4.08), and the association disappeared when the analysis was conducted for MZ pairs (OR, 0.92; 95% CI, 0.42-2.05). The differences observed in OR across the analyses were not significant, although they were close to be significant between the within-pair twin case-control DZ and the within-pair twin MZ analyses (t 5 1.94).
State depression
In the total sample analysis for state depression, with data available only for women, only the variables sleep quality and leisure physical activity (in addition to age) were included in the multivariate model. State depression was associated with higher prevalence of LBP (OR, 2.05; 95% CI, 1.41-2.99) ( Table 3) . A total of 140 complete discordant female twin pairs were included in the within-pair case-control analyses; among them, 71 pairs were DZ and 69 were MZ. Sleep quality and leisure physical activity were included in the multivariate model. The association between state depression and LBP was somewhat stronger than in the total sample analysis (OR, 2.30; 95% CI, 1.12-4.73). When the analyses were performed separately for zygosity, an even stronger association was found for DZ twins (OR, 3.38; 95% CI, 1.10-10.38), and the association disappeared when the analysis was conducted for MZ twins (OR, 1.62; 95% CI, 0.60-4.40). The differences observed in OR across the analyses were not significant.
Trait depression
The same variables that were included in the multivariate model for state depression were also included for trait depression analyses, with data available only for women. Trait depression was associated with higher prevalence of LBP in the total sample analysis (OR, 1.90; 95% CI, 1.25-2.90) ( Table 4) . A total of 154 complete discordant female twin pairs were included in the within-pair case-control analyses; among them, half were DZ (n 5 77 pairs). The association between trait depression and LBP was no longer significant (OR, 1.66; 95% CI, 0.78-3.52) nor even when the analyses were stratified by zygosity (OR, 3.00; 95% CI, 0.95-9.47 for DZ pairs and OR, 0.94; 95% CI, 0.32-2.79 for MZ pairs). There were no significant differences in OR across the analyses phases. Figure 2 shows the differences in OR for all measures of depression from the total sample analyses to withinpair twin case-control MZ analyses.
Discussion
The results of this study suggest that symptoms of depression are associated with lifetime chronic LBP. Also, this relationship seems to be stronger in the within-pair twin case-control and DZ case-control analyses when early shared environment and to a certain extent genetics factors are controlled for. However, this association disappears when the genetic factors are fully adjusted in the MZ within-pair twin case-control analysis, suggesting that genetics is the main confounder of this relationship. Twin studies represent a powerful method for evaluating the role of risk factors on the development of complex diseases, such as LBP, because genetics and a range of environmental variables, both measured and unmeasured, that might contribute to the expression of the disease are accounted for. 3, 25 The factors that contribute to LBP are not clearly established in the literature, 47 and therefore the variables that should be accounted for in the investigation, prevention, and treatment of LBP are also not clear. Therefore, the use of twin studies to investigate variables associated with LBP has the potential to overcome this barrier and gives new insights in this field.
In this study, the total sample analyses, when twins were analyzed as individuals rather than pairs, revealed a statistically significant association between all measures of depression and LBP. Subsequently, we performed the within-pair twin case-control analyses as an attempt to more specifically separate the effects of symptoms of depression on LBP, by "holding constant" the other factors that could interfere with the relationship. Overall, we found a stronger association between depression measures and LBP in the case-control analyses when compared with the total sample, although the differences in OR were not statistically significant.
When the analyses were performed separately for zygosity, the strongest association between the depression measures and LBP was found for the DZ pair analysis, in which the relationship is cleaner and more direct compared with the total sample analysis because the effects of early shared environment and partially genetics are controlled for. When the within-pair comparison was restricted to MZ pairs, which offers the possibility of performing the ideal case-control study because MZ twins are perfectly matched for genotype and family background, 3 the relationship between depression measures and LBP disappeared. This finding strongly suggests that the relationship found in the DZ analyses is due to the confounding influence of common genetic Total sample analysis and within-pair twin case-control analyses for state depression. factors that influence both conditions (pleiotropy). The results of our study are in accordance with Reichborn-Kjennerud et al, who found that the association between symptoms of depression and anxiety and LBP is primarily due to common genetic factors. Deficiency of neurotransmitters that affect both depression and LBP such as serotonin and norepinephrine 1, 23 and maladaptive neural plasticity that contributes to both pain and motivation 41 suggest a possible common etiological factor that could influence both conditions. Genes that affect these neurotransmitter systems could contribute to the expression of both depression and LBP. However, the environmental influences on the relationship between depression and LBP should not be disregarded, as it is possible that the genetic identity of MZ twins predisposes them to select a more similar environment than DZ twins, 16 in which case the difference in results between MZ and DZ case-control analyses could not be attributable solely to genetic differences.
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This study has some limitations that should be taken into consideration when interpreting the results. We used depression measures as dichotomous variables, and this approach might have influenced the results. It is possible that depression is only associated with LBP in individuals with more severe levels of depression or higher levels of disability associated with LBP, as previously demonstrated in longitudinal non-twin studies investigating the relationship between depression severity and risk of LBP. 5, 8 Moreover, findings of previous studies have indicated stronger associations between depression and LBP development when diagnostic interview (more likely to identify major depression) was used to assess symptoms of depression 8, 14, 19 rather than selfreport screening questionnaires. 22, 29 Our study investigated symptoms of depression rather than major depression, however, although major depression has a greater impact on the individual in terms of morbidity, mortality, and loss of productivity; symptoms of depression affect a greater proportion of the population 20, 24 and consequently lead to a greater public health problem from a population and epidemiologic perspective when compared with major depression. In light of our results, anxiety symptoms should also be considered in further research on LBP.
Only women answered the state-trait depression questionnaires, resulting in a smaller sample size for these measures and reducing the generalizability of the results. However, these results are relevant to women given that the prevalence of LBP 31 and depression is higher in women than in men. 49 It is important to note that although we assessed LBP using a measure of lifetime prevalence, 2 of the depression measures used (symptoms of depression and anxiety and state depression) assessed the current status of symptoms of depression. It is possible that this difference in reference periods might have influenced the results, as these measures were not synchronized in time. We have also used the trait depression measure that is potentially more appropriately aligned with our assessment of LBP, as it refers to how the participants generally feel. However, the results obtained with the trait depression measure were similar to the other measures of depression.
Our measure of LBP prevalence was relatively simplistic and did not include information on severity, frequency, or disability levels associated with LBP. This additional information could have contributed to the understanding of the depression-LBP relationship, as it is plausible that depression might have a different influence depending on the LBP phenotypes. For instance, Makris et al 29 found increased risks of persistent or recurrent back pain in people with depression (hazard ratio [HR], 1.57; 95% CI, 1.23-2.00) but not with short-term back pain (HR, 1.14; 95% CI, 0.92-1.40). Similarly, Hartvigsen et al found symptoms of depression to increase the risks of altered or decreased activities due to LBP in older people (OR, 2.30; 95% CI, 1.47-3.60), but the outcome of "any LBP" was not affected (OR, 1.41; 95% CI, 0.90-2.2). Furthermore, both studies used a longitudinal design and did not use a co-twin control study, which could also explain the difference in results in relation to ours.
Furthermore, although the within-pair twin case-control design provides some insight about causality, the cross-sectional nature of our study limits the possibility of identifying causal relationships between depression and LBP. We should also consider the possibility that as genetic factors have a relevant role in the development of LBP, the selection of discordant twin pairs for LBP included in the case-control analysis could have selected individuals with a specific type of LBP less influenced by genetics. Finally, although the OR found in the MZ analytical phase suggests that the relationship between depression and LBP is confounded by genetic factors, these results should be interpreted with caution because the sample size decreased considerably across the analytical phases, which could have precluded the identification of a statistical difference in OR between the DZ and MZ within-pair case-control analyses. Similarly, we cannot exclude other reasons for the larger association identified in DZ twins compared with MZ twins, such as the effect of nonadditive genetics in the DZ analysis (analysis not controlling for 50% of the genetic effect). Larger studies, possibly combining data from different countries, are needed to better understand this relationship and to achieve more definitive conclusions on the relationship between depression and LBP.
In conclusion, the relationship between depression and LBP disappears when high levels of control for confounders are applied and seems to be confounded by genetic factors that influence both conditions, although we cannot rule out the influence of environmental factors. It still remains unclear whether common genetic factors predispose people to develop both LBP and depression. Future larger high-quality longitudinal research, preferably using the twin study design, is required to confirm the results found in this cross-sectional investigation.
